Problem {#s1}
=======

The Family Medicine Hospitalist Service (FMHS) at our 500-bed tertiary-care facility in Illinois, USA, provides a broad range of inpatient services. Based on case mix index and average severity level, the FMHS patient population is representative of the institutional patient population. The hospital service is composed of one attending physician and five residents who divide the day, night and weekend responsibilities on a rotational basis. Patient care is frequently transferred between the various team members and eventually to a separate group of providers who provide ambulatory management. The hospital electronic medical record does not interface with the ambulatory record of the residency programme. Information between the two records is transmitted in portable document format. Consequently, manually updating medication records at the end of the hospital stay is a time-consuming process and is subject to human error. An initial audit of 30 ambulatory records of recently hospitalised patients in May 2016 revealed that 20/30 (66.0%) records had medication errors at the hospital follow-up visit.

Background {#s2}
==========

In 2016, medical errors were estimated to result in 250 000 deaths annually, making medical errors the third leading cause of death in the USA.[@R1] Drug-related errors are the most common type of medical error and can result from discrepancies in patient medications during periods of transition of care.[@R2] Around 60% of medication errors occur during patient admission, discharge or transfer of care.[@R4] It is estimated that at least one medication error occurs each day for an average hospitalised patient.[@R5] Belda-Rustarazo *et al* reported that 64.5% of patients had at least one medication reconciliation error at hospital admission.[@R6] The percent of patients with one or more medication discrepancy at hospital discharge has been reported at 14.1% and 32.4%.[@R6] Of the errors discovered at hospital discharge in a prospective observational study, 51% had the potential to result in moderate to severe harm.[@R6]

In a prospective study of 400 discharged patients, 66% of adverse events that occurred were adverse drug events and one-third of all adverse events were considered preventable.[@R8] Medication reconciliation, a comparison of a patient's medication list with the physician's for accuracy of drug type, dose, frequency and route of medication at hospital admission, transfer and discharge, can reduce medication errors.[@R9] However, a challenge often faced by institutions is that there is no clear owner of the medication reconciliation process.[@R9] In 2011, The Joint Commission incorporated medication reconciliation into a National Patient Safety goal and required organisations to 'maintain and communicate accurate medication information' and 'compare the medication information the patient brought into the hospital with the medications ordered for the patient by the hospital in order to identify and resolve discrepancies'.[@R10] In a previous study, implementing medication review by a pharmacist at hospital admission and creating a discharge medication reconciliation form and report that patients can take home with them reduced medication errors from 57% to 33%.[@R11]

Baseline measurement {#s3}
====================

The accuracy of medication reconciliation was measured at admission, discharge and hospital follow-up. A medication error was defined as any incorrect labelling, inclusion or exclusion of a medication that the practitioner believed was likely to result in incorrect usage. A medication was included if it was provider rather than patient directed. For example, omeprazole or aspirin, both available over the counter, were included, but only if directed by the provider. Each medication error was counted once even if it had more than one error. If omeprazole was written as 20 mg daily but should have been written as 40 mg twice daily, it would only be counted as one error even though both the dose and the frequency were incorrect. Percentages were calculated using the number of discrete errors in the numerator and the total number of discrete medications in the final reconciled list as the denominator with an error rate limited to 100%. The same definition of a medication error was used for the initial audit, preintervention chart review and postintervention chart review.

Before initiation of the project, the admission reconciliation consisted of a two-step verification process performed by hospital nursing staff trained to perform the task. Following medication verification from at least two sources, typically with the patient's primary care office, preferred pharmacy and/or previous discharge summary or history from the physician, the nursing staff populated the medication list into the hospital electronic record and forwarded it to the FMHS resident for verification and signature. Due to the time required for completion of the two-step verification, frequently the verifying resident was not the same resident who actually admitted the patient.

During the hospital course, medications are added, removed and adjusted by various FMHS team members as well as other services involved in the patient's care. At the time of discharge, the final medication lists are reconciled back into the ambulatory record by the discharging resident and then forwarded to the patient's primary care provider for verification.

At the hospital follow-up visit, the previously reconciled ambulatory record is reviewed by nursing staff and verified by the treating resident. In almost all cases, the admitting, verifying, discharging and hospital follow-up visit residents are different individuals each having varying levels of involvement in the patient's care ([figure 1](#F1){ref-type="fig"}). Staff spend approximately 30 min at hospital admission and 10 min at hospital discharge and follow-up completing the medication reconciliation process.

![Medication reconciliation process at hospital admission, discharge and follow-up visit. At hospital admission, nursing staff complete a two-step verification of medications, update the electronic record and notify the resident to sign off on the list. At discharge, medications are reconciled in the hospital and ambulatory records are forwarded to the patient's provider. At hospital follow-up visit, both nursing staff and residents verify the medication list. Frequently, the admitting, verifying, discharging and hospital follow-up residents are different individuals. The Transition of Care Team begins ambulatory medication reconciliation at admission, reviews the list again within 24 hours of discharge and attends the follow-up visit to provide continuity of care. Use of the Transition of Care Team removed the silo structure of the initial medication reconciliation process. FMHS, Family Medicine Hospitalist Service.](bmjoq-2017-000281f01){#F1}

A second chart review of 31 records of recently hospitalised patients completed 2 months prior to the intervention, defined as preintervention, revealed that 131/386 (33.9%) of medications contained errors at hospital admission, 81/354 (22.9%) of medications contained errors at discharge and 43/337 (12.8%) of medications contained errors at the hospital follow-up visit. Only 7/31 (22.6%) charts at admission, 8/31 (25.8%) charts at discharge and 16/31 (51.6%) charts at the hospital follow-up visit did not contain any errors.

Design {#s4}
======

In June 2016, FMHS staff were educated on medication reconciliation, FMHS's current medication error rate, and began participating in chart reviews for preintervention data collection. Using the Lean Six Sigma model of Define, Measure, Analyse, Improve and Control, the medication reconciliation inaccuracy was evaluated. Process mapping and a failure modes effect analysis was used to analyse the FMHS medication reconciliation process. Lean Six Sigma methodology determined that the primary cause of inaccurate medication reconciliation was its silo structure. Admission, discharge and hospital follow-up, along with their coinciding medication reconciliations, were treated as separate processes. As three separate processes performed by different individuals, medication reconciliation lacked ownership making feedback and accountability difficult. To remove the silo structure, a Transition of Care Team, with ownership of the entire reconciliation process, was created. The Transition of Care Team was implemented in November 2016. A preintervention--postintervention design was chosen in order to include all patients in the intervention, meet Joint Commission's National Patient Safety goal for medication reconciliation and to help reduce medication error risk.

The percent of charts and medications with errors was measured by a convenience sample in June, July and August 2016 preintervention and November 2016, December 2016 and January, March, June and September 2017 after the intervention. Patient age, gender, severity of illness, length of stay, complications of care, 30-day readmission and mortality rate were measured for the Family Medicine Hospitalist service from the Crimson database 12 months before and after the initial educational intervention in June 2016. Complications of care are based on International Classification of Diseases codes for complications of a device, implant or graft, surgical procedure or from medical care that occurred during the hospital stay. Two-proportion tests were used to determine differences in the percent of medications with errors, the percent of charts without errors, gender, severity of illness, complications of care, 30-day readmission and mortality rate before and after the intervention. Chi-square analysis was used to determine differences in severity of illness, determined by All Patient Refined Diagnosis Related Groups. Mann-Whitney U tests were performed to determine differences in patient age and length of stay. A P value of \<0.05 was considered significant.

Strategy {#s5}
========

Plan-Do-Study-Act 1---education---June 2016 {#s5a}
-------------------------------------------

FMHS staff were educated on the patient benefits of accurate medication reconciliation. The current FMHS medication reconciliation performance was shared, including the percentage of charts in the initial audit in May 2016 that contained medication errors. Staff were encouraged to maintain accurate medication reconciliation and participate in the Lean Six Sigma project.

Plan-Do-Study-Act 2---Transition of Care Team implemented---November 2016 {#s5b}
-------------------------------------------------------------------------

Faced with an at-risk population with low health literacy and a hospital team composed of frequently rotating residents, a transitional support structure of registered nurses was created called the Transition of Care Team. Depending on multiple factors including the complexity of the medical history, the accuracy of their personal records, the extent of family support, the number of prescribers and pharmacies, as well as the number of recent medication changes, reconciliation can be a very time-consuming process. Unencumbered by the silo structure of the hospital management, the Transition of Care Team was free to move the ambulatory record medication reconciliation from the time of discharge to the time of admission. This provided the team ample time to investigate the patient's medications.

Beginning with the patient's ambulatory medication list and comparing this with the list comprised by the hospital team, the patient and their family were then engaged, by the Transition of Care Team, to address any discrepancies. The majority of the medications are reconciled at this point. However, further investigation is occasionally needed to clarify persisting discrepancies. This deeper investigation requires a significant amount of time and includes the review of the patient's medical record, contacting the patients' pharmacies and their providers, bringing medications from home and in some cases home visits. The investigative process continues, gathering additional information and gradually refining the medication list until the professional satisfaction of the Transition of Care Team and the providers is met. When the Transition of Care Team determined that no further medication changes were implemented after reviewing the various prescribing sources, the reconciliation was determined complete. The reconciled ambulatory medication list is generally completed within a few days of hospital admission and is then used to provide feedback to the hospital and the FMHS teams. Medications are reviewed weekly by a Doctor of Pharmacy on the FMHS team.

Having established a reliable ambulatory medication record at the time of discharge, the discharging resident only needs to update the ambulatory list with the changes made during the inpatient stay. Within 24 hours of discharge, the Transition of Care Team reviews the reconciled ambulatory record against the patient's discharge record, providing a second opportunity for feedback and correction to the FMHS team.

At the hospital follow-up visit within 30 days after discharge, the resident reconciles the ambulatory record again updating any changes that occurred since discharge. Present at the hospital follow-up visit, the Transition of Care Team reviews the reconciled record for accuracy providing a third opportunity for feedback and correction. Having established a relationship with the patient at the time of admission, and participating in the management decisions during the patient's hospitalisation, the Transition of Care Team's presence at the hospital follow-up visit provides insight into the discharge management plan and continuity for both the resident and patient who may be meeting for the first time ([figure 1](#F1){ref-type="fig"}).

We hypothesised that reframing reconciliation as a single continuous process beginning at hospital admission and continuing through discharge and hospital follow-up would improve the admission medication reconciliation, which would improve the discharge reconciliation, impacting the initial goal of improved medication reconciliation at hospital follow-up.

Results {#s6}
=======

Following addition of the Transition of Care Team and redesign of the medication reconciliation process, the accuracy of reconciliation at admission, discharge and hospital follow-up was measured for 70 patients postintervention.

The percent medications with errors was reduced at all three junctures of reconciliation. At admission, the percent of medications with errors was reduced from 131/386 (33.9%) to 147/787 (18.7%) (two-proportion test, p\<0.001). At hospital discharge, the percent of medications with errors was reduced from 81/354 (22.9%) to 42/834 (5.0%) (two-proportion test, p\<0.001). Percent medications with errors at hospital follow-up visit was reduced from 43/337 (12.8%) to 6/809 (0.7%) (two-proportion test, p\<0.001) ([figure 2](#F2){ref-type="fig"}). The percent of charts without any errors improved at hospital discharge from 8/31 (25.8%) to 46/70 (65.7%) (two-proportion test, p\<0.001) and at hospital follow-up visit from 16/31 (51.6%) to 64/70 (91.4%) (two-proportion test, p\<0.001) ([figure 3](#F3){ref-type="fig"}). Severity of illness was statistically different between the pre and post groups (χ^2^, p=0.002), with the postintervention group containing an increased percentage of patients with a severity score of 1 and a decreased percentage of patients with a severity score of 3 (two-proportion test, p\<0.001, p=0.037, respectively). The percent of patients with complications of care was significantly reduced from 18/1198 (1.5%) before the intervention to 6/1135 (0.5%) after the intervention (two proportion test, p=0.018). A decreased trend in 30-day readmissions was observed postintervention (two-proportion test, p=0.054). A larger sample size may be needed to detect a statistically significant reduction in 30-day readmission rates. We continue to monitor 30-day readmission rates for FMHS. There were no significant differences in patient age, gender or mortality rate preintervention and postintervention ([table 1](#T1){ref-type="table"}).

###### 

Complications of care were significantly reduced after implementation of the Transition of Care Team

  ------------------------------------------------------------------------------------------------------------------------------
                                                       Preintervention      Postintervention     P values
  ---------------------------------------------------- -------------------- -------------------- -------------------------------
  Age (median)                                         54                   54                   Mann-Whitney U test, p=0.133

  Gender---female                                      700/1198 (58.4%)     696/1135 (61.3%)     Two-proportion test, p=0.154

  Gender---male                                        498/1198 (41.6%)     439/1135 (38.7%)     Two-proportion test, p=0.154

  Severity 1---minor                                   151/1198 (12.6%)     207/1135 (18.2%)     χ^2^, p=0.002,\
                                                                                                 two-proportion test, p\<0.001

  Severity 2---moderate                                451/1198 (37.6%)     409/1135 (36.0%)     Two-proportion test, p=0.420

  Severity 3---major                                   496/1198 (41.4%)     422/1135 (37.2%)     Two-proportion test, p=0.037

  Severity 4---extreme                                 100/1198 (8.3%)      96/1135 (8.5%)       Two-proportion test, p=0.923

  No severity score listed                             0/1198 (0%)          1/1135 (0.1%)        Two-proportion test, p=0.317

  Length of stay (median)                              3 Days\              3 Days\              Mann-Whitney U test, p=0.003
                                                       (4.4 days average)   (4.0 days average)   

  Complications of care                                18/1198 (1.5%)       6/1135 (0.5%)        Two-proportion test, p=0.018

  30-Day readmission with exclusions (any APR-DRG)\*   180/1107 (16.3%)     141/1058 (13.3%)     Two-proportion test, p=0.054

  Mortality rate with exclusions\*                     22/1197 (1.8%)       19/1132 (1.7%)       Two-proportion test, p=0.770
  ------------------------------------------------------------------------------------------------------------------------------

Patient characteristics were measured for the Family Medicine Hospitalist service from the Crimson database 12 months before and after the intervention.

\*Crimson 30-day readmission excluded Centers for Medicare and Medicaid Services (CMS) approved readmissions including chemotherapy, radiotherapy, dialysis, rehabilitation, elective admission, patients discharged against medical advice, mortalities, length of stay greater than 1 year and transfers to other acute-care facilities. All severity adjusted All Patient Refined Diagnosis Related Groups (APR-DRGs) were included in the readmission data. Mortality rate excluded cases with uncertainty of how much influence the physician had on the case including chemotherapy and radiotherapy patients, length of stay over 1 year, inpatient transfers from other acute-care facilities and hospice patients according to Crimson guidelines.

![Percentage of medications with errors was reduced at hospital admission, discharge and follow-up visit after implementation of the Transition of Care Team. Percent medications with errors was measured by a convenience sample of 31 patients before the intervention and 70 patients after the intervention. Medication errors were counted only once even if the medication had more than one type of error. Two-proportion test, \*P\<0.001.](bmjoq-2017-000281f02){#F2}

![Percent of charts without any errors was increased at hospital discharge and follow-up visit after implementation of the Transition of Care Team. Percent charts without errors was measured by a convenience sample of 31 patients before the intervention and 70 patients after the intervention. Two-proportion test, \*P\<0.001.](bmjoq-2017-000281f03){#F3}

To sustain the process improvements and prevent drift back to baseline, the FMHS implemented a control plan that measures medication reconciliation accuracy quarterly. Beginning with a single registered nurse, the Transition of Care Team has grown to include three full-time employees as the team's value and responsibilities have increased to include paediatrics and newborns. Implementation of the Transition of Care Team has led to 6 months of sustained improvement in reconciliation accuracy.

Lessons and limitations {#s6a}
-----------------------

Viewed as a value chain, hospital management is the sum of each of its core processes. The admission, discharge and transition to the ambulatory care environment is a service stream composed of many nested core processes each adding either value or waste to the patient's care. A key component of process improvement that is often overlooked is the necessity of building support structures that enhance the efficiency of the core processes.

This study is unique in that the Transition of Care Team was composed of registered nurses. Most institutions rely on pharmacists to perform medication reconciliation, consuming a significant amount of their time and taking them away from other responsibilities.[@R3] However, the success of our intervention was as effective as pharmacy-led interventions in the literature. For example, Murphy *et al*, implemented a team of pharmacists to complete medication reconciliation within 24 hours of admission and reduced the percent of medication errors at discharge from 57% to 33%, compared with 22.9% to 5.0% in our study ([figure 2](#F2){ref-type="fig"}).[@R11] Scarsi *et al* increased the number of patients without a medication error during hospitalisation from 22.9% to 40% by including pharmacists in daily medical rounds, compared with 25.8% to 65.7% in our study ([figure 3](#F3){ref-type="fig"}).[@R12]

According to Karnon *et al*, interventions that improve medication reconciliation are cost-effective for preventable adverse drug events compared with no intervention. However, their review found that nurses took a longer duration of time to complete medication reconciliation when using a standardised patient history form compared with pharmacy driven reconciliation, increasing the costs of nursing interventions.[@R13] Although additional information is needed to make a direct comparison, the nursing-based intervention at our institution allowed pharmacists to focus on other responsibilities and was considered a cost-effective investment to provide great patient care.

The Transition of Care Team support structure provides two opportunities. First, the addition of the Transition of Care Team allowed the FMHS to reframe medication reconciliation into a single continuous process beginning at admission and continuing through the follow-up visit. In this way, each subsequent reconciliation builds on the accuracy of the previous one. Second, by providing additional investigative resources at admission as well as a mechanism for immediate feedback and accountability to the FMHS team, the team provides redundancy to prevent errors and a recovery mechanism to detect and correct errors before causing patient harm.

Complications of care were significantly reduced postintervention. Although encouraging, we cannot claim differences are direct outcomes of the intervention due to the complexity of patient outcomes and potential confounders including differences in severity of illness ([table 1](#T1){ref-type="table"}). A limitation of the study was that it was performed at a single institution and results cannot be generalised.

Finally, applying lessons learnt from the Transition of Care Team's management of medication reconciliation, the FMHS is currently looking into other opportunities to leverage the team's support to other core process including assessment for social determinants of health, scheduling ambulatory appointments, transitional phone support and implementation of the discharge plan.

Conclusion {#s7}
==========

Team-based care using multiple providers often results in no clear ownership of the medication reconciliation process. Creating of a Transition of Care Team of registered nurses restructured medication reconciliation as a continuous process occurring throughout patient hospitalisation, discharge and hospital follow-up and improved medication reconciliation accuracy, care of hospitalised patients, and led to safer transitions to the ambulatory setting.
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